Hexafluorenium was used to potentiate suxamethonium in 93 patients undergoing abdominal surgery of up to 60 minutes duration. Anaesthesia consisted of thiopentonenitrous oxide-oxygen, usually with pethidine supplementation, and ventilation was controlled. In one group hexafluorenium was administered before induction, the intubating dose of suxamethonium then providing relaxation for surgery. In a second group of patients hexafluorenium followed by suxamethonium was given after the intubating dose of suxamethonium had worn off. No bronchospasm or cardiovascular side effects were noted. It is considered that this drug combination provides excellent relaxation for abdominal surgery but is particularly suitable in cases which last 30 minutes or longer.
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Hexafluorenium was first investigated as a neuromuscular blocking agent by Cavallito, Gray and Spinner (1954) and was introduced into clinical anaesthesia by Cordaro and Arrowood (1955) , who observed that muscular relaxation was marked during anaesthesia but was not apparent in the conscious patient. Arrowood and Kaplan (1956) noted that hexafluorenium potentiated and prolonged the action of small doses of suxamethonium. They used this combination of drugs to provide muscular relaxation in preference to hexafluorenium on its own. Foldes and others (1958, 1960a, b) studied the neuromuscular and anticholinesterase actions of hexafluorenium. Hexafluorenium has a weak nondepolarizing action at the neuromuscular junction and a marked anticholinesterase activity. It has been used by a number of workers-notably by Rizzi (1956) , Foldes (1960) and Kok, Sher and Kruger (1962) -to potentiate suxamethonium for muscular relaxation, mainly in prolonged operations. There have been some reports of the occurrence of bronchospasm (Selvin and Howland, 1959) , as well as of cardiac arrhythmias and histamine release (Mostert and Kiindig, 1964) , but the liability of hsxafluorenium to produce these side effects has been strongly refuted by a number of workers (Foldes, 1960; Duncalf et al., 1965; van Hemert and Pearce, 1965) . The present investigation was undertaken to see if the hexafluorenium-suxamethonium combination would be useful in abdominal operations of short duration.
METHOD
Any patient over 14 years of age undergoing abdominal surgery of an anticipated duration of less than 30 minutes was included in the study. However, operations which should have been short were sometimes rather protracted and such cases were included unless they exceeded a duration of 1 hour. In all a total of 93 cases was studied including elective and emergency operations, and patients of varied physical fitness. The operations included a wide range of general surgical procedures and Caesarean section. Premedication varied according to the fitness of the patient and the anaesthetist's preference but generally an opiate plus a belladonna preparation were administered.
Two different techniques were employed in the course of the trial.
Group I. In 35 cases hexafluorenium 0.3-0.5 mg/kg was given intravenously 3 minutes before induction of anaesthesia with thiopentone; suxamethonium 0.25-0.3 mg/kg was then given and the patient intubated when conditions became adequate. Anaesthesia was maintained with nitrous oxide and oxygen supplemented usually with pethidine, the ventilation being controlled. When the operation outlasted the relaxation produced by the suxamethonium a second dose of suxamethonium was administered; the size of this second dose depended on the response to the first dose and on the likely duration of surgery; the dose was usually 5-10 mg.
Group II. In the remaining 58 patients induction was with thiopentone, and a dose of suxamethonium (usually 50 mg) was then given to facilitate intubation. After the effects of this initial dose of suxamethonium had worn off 0.3-0.5 mg/kg hexafluorenium was administered and li-2 minutes later a dose of 0.25-0.3 mg/kg of suxamethonium; anaesthesia was maintained as above. In 14 of these patients an additional dose of suxamethonium was required, the amount depending on the likely duration of relaxation and the size and effect of the preceding dose.
In earlier cases the quality and duration of relaxation was estimated clinically by observation of the wound, watching for return of respiratory effort, palpation of the reservoir bag and comment from the surgeon. In later cases a peripheral nerve stimulator, as described by Cohen (1963) , was applied to the facial nerve to observe the degree of paralysis. Observations were visual and were charted at 5-minute intervals. The response was graded as: + first noticeable twitch; + + small but more definite response; + + + a vigorous response; + + + + a very vigorous response equal to that of the non-paralyzed patient. The response to single, tetanic and post-tetanic stimulation was noted.
Returning muscle tone was carefully observed at the end of the operation and thereafter. The time from the end of the operation to the patient being able to raise his head off the pillow on request was noted. In addition pulse rate and blood pressure were followed throughout surgery and in the immediate postoperative period.
RESULTS
It was found that good relaxation could always be obtained with the combination of hexafluorenium and suxamethonium.
The results are detailed according to the two groups:
Group I. Cases who received hexafluorenium before the induction of anaesthesia. These patients soon became apnoeic when suxamethonium was given following induction of anaesthesia, but conditions for laryngoscopy and intubation were not good until H minutes later and even then the cords were usually mobile. There were no muscular fasciculations, but increased salivation was noted. In 2 patients bradycardia occurred following administration of the suxamethonium. In the short time between injection of hexafluorenium and induction of anaesthesia 8 patients complained of nausea and 4 vomited.
Eight of the 35 cases in this group lasted less than 30 minutes; the remainder were of up to an hour's duration. In 14 patients, only one dose of suxamethonium was necessary; the duration of action of this dose is analyzed in table I. At the end of anaesthesia there was return of adequate muscle tone within 5 minutes in 12 of these 14 patients.
Twenty-one patients required more than one dose of suxamethonium; the duration of surgery was more than 30 minutes in all but 2 of these 21 patients. The duration of relaxation produced by the first dose of suxamethonium was from 15 to 30 minutes in 19 of the patients. At the end of anaesthesia adequate muscle tone returned within 5 minutes in 15 cases and within 15 minutes in the remaining 6.
Six cases in Group I were tested with a nerve stimulator. Of these, 5 showed phase I block and 1 phase II. The time from end of operation to return of adequate muscle tone is detailed in table III. Sixteen patients in Group II required a second dose of suxamethonium in order to achieve an adequate duration of muscular relaxation. The duration of surgical relaxation provided in these patients by the first dose of suxamethonium is detailed in table IV. In all these 16 patients adequate muscle tone had returned within 5 minutes of discontinuance of anaesthesia. Of the 58 cases in Group II, 15 were tested with a nerve stimulator. Phase I block was found in 14 patients, and phase II block in 1 patient.
DISCUSSION
At the beginning of this study it seemed that it might be advantageous to administer hexafluorenium before the induction of anaesthesia. A small dose of suxamethonium would then be adequate for intubation and for the surgical relaxation. In addition it seemed probable that postoperative muscle pains from suxamethonium would be avoided (Kok, Sher and Kruger, 1962; McCaul and Robinson, 1962) . Because of the high incidence of nausea and vomiting in the 3 minutes between administration of hexafluorenium and the induction of anaesthesia, this method was discontinued. (The sequence of thiopentone-hexafluorenium-suxamethonium was not tried as vomiting after hexafluorenium was thought to be possible, especially in emergency cases, although this sequence is recommended by Foldes (1968, personal communication) for elective surgery.) For the remaining cases in the study it was decided to give a dose of suxamethonium for intubation and allow this to wear off before giving hexafluorenium.
Reports in the literature vary considerably in their opinion of hexafluorenium. On th; one hand, Foldes and his associates (1960b), Kok, Sher and Kruger (1962) , Rizzi (1956) , Brazy, Schmidt and Fick (1962) produced favourable reports. On the other hand, Selvin and Howland (1959) reported several cases of bronchospasm with one case of cardiac arrest and Mostert and Kiindig (1964) demonstrated that the drug caused severe arrhythmias and warned against its use. Foldes et al. (1960a) have pointed out that in the 6 cases of severe bronchospasm encountered by Selvin and Howland, the difficulty was caused by the administration of too large a dose of suxamethonium. The case described by Mostert and Kiindig (1964) appears from its description to have been similar. It would seem inadvisable to administer too large a dose of suxamethonium after hexafluorenium. Mostert and Kiindig (1964) put forward the hypothesis of hexafluorenium causing histamine release to explain their own and other cases of severe bronchospasm. Van Hemert and Pearce (1965) were unable to confirm the findings of Mostert and Kiindig concerning histamine release and, in common with Duncalf et al. (1965) , were unable to confirm any adverse circulatory effects of hexafluorenium. Histamine release is possibly due to a high dosage of suxamethonium (Paton, 1959) .
There has been much discussion of the mode of action of hexafluorenium. Foldes (Torda et al., 1967 ) demonstrated a weak non-depolarizing action as well as a marked anticholinesterase action.
The present findings are in accord with the more favourable reports. A good quality of relaxation was always achieved and with the return of respiration there was a fairly rapid recovery of good muscle tone. In view of the incidence of increased salivation with hexafluorenium it is recommended that a routine pre-operative dose of atropine should be given. Bronchospasm, however, was not observed and no arrhythmias were noted on routine palpation of the pulse. With regard to recovery of adequate muscle tone, a delay of up to 5 minutes from the end of the operation was considered good and up to 10 minutes not unreasonable. Longer delays are inconvenient and can disrupt an operating list, and for this reason the method is considered less suitable for cases of less than 30 minutes duration.
In the more prolonged operations reported by American workers, repeated doses of both suxamethonium and hexafluorenium were administered. None of the patients in the present series required a second dose of hexafluorenium. 
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